Iron deficiency is the most common type of malnutrition worldwide. This community-based study was conducted to assess the prevalence of anaemia in Minia, Assiut, and Sohag Governorates of Upper Egypt and to analyse the nature of the problem to help prioritize the control intervention strategy. The study was conducted on children aged 6 to 71 months. The two-stage cluster sampling method was used, and 2,700 pre-schoolers (900 in each Governorate) were enrolled. Data were collected on sociodemographic characteristics, morbidity profile, dietary characteristics (breastfeeding and qualitative and quantitative food-consumption patterns), haemoglobin concentration by the cyanmethaemoglobin method, and urine and stool analysis (for every fifth child). The analysis, presentation, and interpretation of data followed the guidelines and indicators recommended by the World Health Organization/UNICEF. Anaemia was very highly prevalent among all pre-schoolers (69%). Minia Governorate showed the highest trend in prevalence of anaemia, followed by Sohag and then Assiut. The prevalence of anaemia was slightly higher in most rural sites and was higher among girls (70%) than boys (68%). The highest prevalence was seen in the second year of life. Severe anaemia was observed among 5.5% of pre-school children. Breastfeeding pattern, economic status, parasitic load, and the anaemia state of mothers were all significantly associated with the risk of anaemia. A set of strategic recommendations and implications for action was proposed.
Introduction
Anaemia is the most common type of malnutrition worldwide. Nutritional anaemia refers to a condition in which the haemoglobin content of the blood is lower than normal as a result of a deficiency of one or more essential nutrients (usually iron, less frequently folate or vitamin B 12 ), regardless of the cause of such deficiency.
It is generally held that at least half of anaemia worldwide is due to nutritional iron deficiency [1] . Nearly two billion people are estimated to be anaemic, and even more are iron deficient. Between 40% and 50% of children under five years of age in developing countries are iron deficient [2] .
The adverse functional effects of anaemia in children include impaired cognitive function [3] , reduced physical work capacity and productivity, lowered cellular immunity, increased morbidity, and child growth deficits [4] .
Major nutritional studies done in Egypt over the last 30 years revealed that anaemia is a moderate to severe public health problem among pre-school children. However, most of these studies were conducted in lower Egypt, and data regarding Upper Egypt are scarce. The aim of this work was to assess the prevalence of anaemia among pre-school children in Upper Egypt and to study the potential risk factors that could help in prioritizing the control intervention.
Subjects and methods

Study type and site
This community-based study was carried out in three of the six Governorates of Upper Egypt. The chosen Governorates were Minia (3.3 million), Assiut (2.9 million), and Sohag (3.1 million). They are representative of Upper Egypt, being at the middle and adjacent to each other on the Nile River [5] [6] [7] .
Target population
The population targeted was pre-school children aged 6 to 71 months.
Sampling
A two-stage cluster sampling technique was used to select the study sample from each Governorate. In the first stage, 30 clusters were selected based on probability proportionate to the size of the target population in the different districts. All districts of each Governorate were represented in the study. In the second stage, from a random starting point in each household cluster, the investigators went door to door until 30 children (one per family), corresponding to the predetermined age, were selected. This sample size (900 child from each Governorate) ensured with a probability of 95% that the estimated prevalence would be within 5% of the true prevalence, irrespective of the prevalence value and assuming a design effect of 2.
Data collection
Field activities were performed during late 1997. Data were collected from all participants by the following methods.
Questionnaire interview with the child's mother
The questionnaire design followed the guidelines recommended by the World Health Organization (WHO)/ UNICEF on assessment of anaemia [1] . Mothers were interviewed about the child's characteristics, medical history to exclude other causes of anaemia, socioeconomic status [8] , morbidity pattern, and dietary characteristics (breastfeeding, complementary feeding, and daily diet of the child, by using food-frequency and 24-hour dietary recall methods) [9] .
Laboratory investigation
Venous or capillary blood samples were drawn from all children and their mothers for measurements of haemoglobin concentration. Anaemia was diagnosed by measuring the concentration of haemoglobin in circulating red blood cells by the cyanmethaemoglobin technique [10] .
Urine and stool samples were collected from every fifth child to assess the state of parasitic infection. Urine was examined by the sedimentation centrifugation technique [11] . Stools were examined by the Merthiolate iodine formaldehyde concentration technique [12] .
Data analysis
Dietary data were analysed with a Lotus 123 computer package. The nutritive value of the consumed diet was computed from Egyptian food-composition tables [13] . The nutritional adequacy of the diet was calculated by reference to the recommended daily allowances [14] .
The data were analysed by Epi-Info 6.D and SPSS/ PC+. Children with haemoglobin levels below 11 g/dl were considered anaemic. WHO criteria for grading the severity of anaemia were followed [1] .
Simple logistic regression analysis was performed to identify the independent variables (demographic, socioeconomic, and child characteristics) significantly related to the outcome variable (anaemia). All variables found to be significant were included in a multivariate analysis model, using the SPSS forward stepwise logistic regression procedure.
Maximum likelihood estimates of combined odds ratios and their attendant 95% confidence intervals, adjusted for confounders, were obtained by logistic regression.
Results
The total number of enrolled pre-schoolers was 2,700. The questionnaire was completed by 2,670 of the mothers (98.5%), and 2,577 agreed to a haemoglobin estimation (95.4%).
As shown in table 1, 58.4% of the subjects were male and 41.6% were female. Their mean age was 30.4 ± 17.9 months. Eighty-eight percent belonged to a low or very low socio-economic class.
About one-third (35.9%) of the children were still being breastfed at the time of the study. Among those who were not being breastfed at the time of the study, prolonged breastfeeding was the common rule (65.3% for more than one year and 20.4% for more than two years). During the preceding two weeks, two-fifths of the children had diarrhoea (40.4%) or fever (42.4%). Entamoeba histolytica was the most common protozoal infestation (20.1%), followed by Giardia lamblia (12.4%). Other parasitic infestations were rare.
The mean daily energy intake was only 82% of the recommended value for children under four years of age and 64% of the recommended value for children four years old or more (table 2). The total daily protein intake exceeded the recommendations (194% and 133% in younger and older children, respectively). However, only 31% of the total protein was animal protein.
The total iron intake was inadequate for both age groups (67% and 79% of the recommended values, respectively), and haem iron constituted only 18% of total iron intake. Vitamin A intake was deficient in both age groups (59% and 62% of the recommended values, respectively). Vitamin C intake was high and exceeded the recommendation (153% and 184% of the recommended values, respectively).
The prevalence of anaemia was 69%: 68% for boys and 70% for girls (table 3) . The highest prevalence was in the second year of life (72%) and the lowest was in N. El-Sayed et al.
the fifth year (66%). Severe anaemia (haemoglobin < 7 g/dl) was seen in 5.5% of the children.
In Minia anaemia was significantly more prevalent in rural (81.1%) than urban (70.4%) areas. However, there was no significant difference in the prevalence of anaemia between urban and rural areas in the other two Governorates.
The results of stepwise multiple logistic regression (table 4) showed that children in Assiut and Sohag were at less risk for developing anaemia (regression coefficient, 0.38 and 0.56, respectively) relative to children in Minia. Young children who were never breastfed or had prolonged breastfeeding had a high risk of anaemia (regression coefficient, 4.95). Children of high eco-nomic class were at less risk of anaemia (regression coefficient, 0.95). Children of anaemic mothers had about double the risk of anaemia (regression coefficient, 1.85; 95% confidence interval, 1.15-2.99).
Discussion
Anaemia has major social, educational, and economic implications for the affected populations. The prevention and control of anaemia are of crucial significance. In our study, more than two-thirds (69%) of pre-school children in Upper Egypt had anaemia, constituting a severe public health problem. This high prevalence rate may be due to low dietary iron intake (67% of the recommended value for children under four and 79% for children four or more years old) and the small contribution of haem iron (18%) to the total iron intake. The low vitamin A intake (59% and 62% of recommended values for younger and older children, respectively) may be another contributing factor to this high prevalence of anaemia. Vitamin A may be needed in haematopoiesis [4] . Infectious and parasitic diseases among these children contribute directly or indirectly to their vulnerability to nutrient deficiencies by causing loss of nutrients, decreasing appetite, and decreasing the efficiency of absorption, conservation, and utilization of nutrients [14] . In addition to the high requirements for iron in early childhood [10] , infants and children require iron for their expanding red cell mass and growing body tissues.
Anaemia was more prevalent in the second year of life (72.1%). This may be due to prolonged breastfeeding and delayed or insufficient introduction of complementary foods rich in iron. A peak of anaemia in the second year of life has also been reported by other investigators in Egypt [15, 16] and other countries [17] . Anaemia was slightly more prevalent among girls (70%) than boys (68%). The culture in Upper Egypt may give more attention to boys than girls in all aspects of care, including nutritional care.
Children in Assiut and Sohag were at less risk of anaemia than those in Minia, possibly because of the high fertility rate, greater menstrual blood loss, and high prevalence of anaemia among mothers in Minia. Low economic status was significantly associated with a higher risk of anaemia (table 4) . Many studies have noted a positive relationship between income and both qualitative and quantitative adequacy of the diet [18] . Investigators in Montreal, Canada, concluded that infants from low socio-economic backgrounds were at high risk of anaemia [19] . Sargent et al. in Massachusetts, USA, examined the association between community rates of iron-deficiency anaemia in children and sociodemographic characteristics and found that community iron deficiency was associated with low socioeconomic status [20] . Children born to anaemic mothers were more prone to develop anaemia (regression coefficient, 1.85). Previous studies in Egypt reported the same finding [21] . In prospective studies in Spain, Colomer et al. found the same results among newborn infants (regression coefficient, 6.57) [22] .
Breastfeeding delays the onset of anaemia, but prolonged breastfeeding without timely complementary feeding can lead to anaemia [10] . Our results are consistent with this statement. Term infants who are breastfed exclusively for the first six months may not be at risk for iron depletion or for development of anaemia [23] .
Conclusions and recommendations
Anaemia is a severe public health problem among preschool children in Upper Egypt. Many risk factors contribute to this situation, including low socio-economic class, prolonged breastfeeding without efficient complementary feeding, anaemic mothers, and high morbidity from infectious and parasitic diseases. This situation necessitates an urgent intervention programme of iron supplementation targeted to pre-schoolers (who may receive the supplement at the same time as immunizations) and women of childbearing age. Suitable foodbased approaches, including food fortification and diversification, together with other public health measures directed towards parasitic control and maternal care, also must be developed. 
